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1. Introduction 
This report describes the experimental test setup used for the first phase 
of the project entitled "An Experimental Investigation of the Dynamic Torsional-
Translational Response of Reinforced Concrete Structures". 
Damage investigations from various earthquakes, has revealed torsional 
response of reinforced concrete buildings. To investigate this behavior, a 
physical model was devised to test a theoretical model experimentally. 
An obvious model could be four columns cast monolithically with a slab. A 
weight would then be placed on the slab at an eccentricity to the centerline of 
the applied ground motion, causing torsion of the slab. Inspection of the joint, 
where one of the columns connects into the slab, would reveal biaxial bending of 
the doubly reinforced cross section. The nonlinear cyclic response of the cross 
section was the topic under investigation. 
Problems exist with this type of model. The first problem is that four 
connections undergo biaxial bending at the same time. Another problem is that an 
applied axial force in the columns results because of the applied weight. Also, 
when the cross - section bends and cracks in one direction, the stiffness is 
affected in the other direction (material interaction). The model that was used 
for the experiment uncoupled the material interaction by separating the strong-
and weak-axis bending of the column into two separate beams. Beams, connected in 
such a way that no axial forces were produced. Dynamic interaction was still 
present, because a change in stiffness in one beam affected the overall response 
of the specimen. Therefore, the material interaction was uncoupled, whereas, the 
dynamic interaction was coupled. 
The final specimen design is shown in Fig. 1.1. Weak- axis bending is 
produced in the upper beam because of specimen rotation about the Z-axis, 
whereas, strong-axis bending is produced in the lower beam by specimen rotation 
1 
about the Y-axis. The wall portion of the specimen was used to provide anchorage 
for the two beams, as well as, support for the eccentric weights. 
The second section describes the method of fabricating the specimens from 
the layout of the formwork to the transfer and assembly of the finished specimen 
to the simulator platform. Section 3 explains the procedures used to determine 
the relevant properties of the materials comprising each of the specimens. The 
fourth section gives a description of the overall movement of the specimen, as 
well as, the movement of each of the connections. Ins trurnentation was then 
discussed in section 5 and section 6 contained information on the generation of 
base motion. The last sec tion shows the setup used for the acquisition and 
conditioning of data. 
2. Construction 
2.1 Formwork1 
All of the specimens were cast in formwork mounted on a platform 
(Fig. 2.la). The gross dimensions of the platform were approximately 8 by 9 feet. 
In cross section (Fig. 2.1b) it was composed of a 1/4-in. steel plate supported 
by 4-1/2 in of plywood. The plywood rested on 4x7.25 channels that ran under the 
perimeter of the platform as well as intersecting the width and depth. All-
thread, 1/2-in. in diameter, was used to fasten the steel plate, plywood, and 
channels together. The all-thread was spaced at 24-in. intervals around the 
perimeter of the platform. A coupler at the bottom of the all-thread was used to 
level the platform. These couplers were located at the four corners. 
The formwork itself consisted of 3-1/2x5-in. angles, 3/8 of an inch thick. 
The 5-in. leg of the angle was machined down to 4 in. to obtain the proper depth 
of the specimen (Fig. 2.1b Detail A). The machined surface was leveled so that 
1 Ref. 1, Section A.l.S, p. 230, Fig. A.6, p. 270. 
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the concrete could be screeded using a 2x4- in. piece of wood placed on top of the 
angles. Hexagon head bolts, l/4-in. in diameter, were used to fasten the angles 
to the platform. Two lines of 3/8-in. diameter holes. were used with a staggered 
spacing of 3 in. Hexagon head bolts were used so that a socket connected to a 
speed driver could be used to install and remove the bolts. 
Lifting anchors (3/4- in. diameter EC2F Ferrule Concrete Inserts) were bol ted 
to the formwork and cast as part of the specimen (Fig. 3.lc Detail A). These 
anchors were used to move the specimen. Two anchors were located at the top of 
the specimen,S in. on both sides of the centerline of the wall. Another anchor, 
used for the A-frame connection, was bolted to the formwork on the left side, 16 
in. from the top. 
Various sized bolts had to be passed through the specimen to install the 
connections necessary for proper specimen movement. Block-out canisters (Fig. 
2.1c Detail B.) were mounted to the platform as part of the formwork at these 
locations. The canister was composed of a steel tube with a brass cap at each 
end. A 1/8-in. diameter fillet head screw 5-in. long was passed through the brass 
caps and screwed into the formwork. The brass cap at the top of the canister was 
countersunk so that the profile of the canister remained below the level of the 
concrete. This was done so that the canister did not interfere with the screeding 
process. 
Detail A of Fig. 2.1c shows the layout of block-out canisters in the upper 
portion of the specimen. All ten of the l-3/8-in. diameter canisters were located 
12 in. from the centerline of the wall. The top l-3/8-in. diameter canisters were 
located 7 in. from the top of the specimen. The next two canisters were spaced 
6 in. down from the previous one. The remaining canisters were spaced at"6 in. 
A l-I/B-in. diameter canister was located 3 in. from the centerline of the wall 
and 43 in. from the top of the wall. Canisters with a diameter of 3/4 in. were 
3 
located along a line 14 in. from the centerline of the wall. The first canister 
was on the centerline of the upper beam. The other two canisters were spaced 5.25 
in. on both sides of the centerline of the upper beam. 
Figure 2.1d shows the layout of block-out canisters in the base portion of 
the specimen. One row of four 1-3/8-in. diameter canisters were located 3.5 in. 
from the bottom of the specimen. The next row of four canisters was spaced 6 in. 
from the previous one. The last row of two canisters also had a spacing of 6 in. 
The horizontal spacing of the canisters was measured from the centerline of the 
wall. The interior columns were spaced at 3 in., whereas, the exterior columns 
were spaced at 9 in. Another 1-3/8-in. diameter canister was located 24 in. from 
the bottom of the specimen and 9 in. from the centerline of the wall. 
The ends of the beams are shown in Fig. 2.le. A 1-1/8-in. diameter canister 
is located on the centerline of the lower beam and 7.5 in. from the end of the 
beam. The canister in the upper beam is located on the axis of the beam, 7.5 in. 
from the end of the beam. 
2.2. Rebar Cages 
After the formwork was prepared, as described in section 2.1, the 
reinforcing cages were assembled. The canisters, anchors, spirals, stirrups and 
all of the reinforcement was cleaned with acetone to remove any oil. Rust on the 
rebar was then removed with a wire brush and the bar was again cleaned with 
acetone. 
The reinforcement in each of the specimens and the terminology used for the 
various components is shown in Fig. 2.2a. Figure 2.2b shows the two forms of 
rebar cages that were used. The wall reinforcement consisted of vertical and 
horizontal bars, whereas, the beam reinforcement had longitudinal bars enclosed 
by stirrups. 
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Number 3 bars with X-type deformations were used for the wall steel in all 
of the specimens (Fig. 2.2c). The wall steel consisted of 7 vertical bars (Z-
direction) and 12 horizontal bars (X-direction). The lengths of the vertical and 
horizontal bars were 80 and 29 in., respectively. Horizontal spacings of the 
vertical bars from the centerline of the wall (in the X-direction), were 6.25, 
10, and 13 in. The horizontal bars had the following spacings starting from the 
bottom of the wall and proceeding in the positive Z-direction. The first bar was 
located 6 in. from the Datum. The Datum was taken as the base of the concrete 
specimen (includes 0.5-in. clear cover). A spacing of 6 in was also used for the 
next two bars. Because of interference from the lower beam reinforcement the next 
bar was located 10 in. from the previous one. Following a bar spaced at 6 in., 
the next spacing was 8 in. to clear the upper beam reinforcement. The remainder 
of the horizontal bars were then spaced at 6 in. 
For each specimen the longitudinal reinforcement remained the same in each 
of the beams. For the first two specimens, D-Ol and D-02, #3 bars were used. For 
the las~ ~~o specimens, D-03 and D-04, #4 bars were used. Both sizes of bars had 
X-type deformations. The vertical distance from the Datum to the centerline of 
the upper bea~ and lower beam longitudinal reinforcement were 38 and 24 in. (Fig. 
2. 2c). 7tH: :c:-.t;: tudinal reinforcement was 78.5 and 66.5 in. for the upper and 
lower bea..::s. :c·!:t:,ectively. Vertical spacing of the longitudinal reinforcement (#3 
and :;;4 bar!.; !C:~ both of the beams is also shown in the same figure. Hooks at 90 
degree$ '.:crt· ;::c"'ided as shown in Detail A-A of Fig. 2.2c. Development lengths 
for the ;: 3 A:.C 11'"4 bars were 4.5 and 6 in. Hook bend diameters were 2.25 and 3 
in., resF(c::\.'t-~\ Figure 2.2d shows the cross-section of a typical doubly-
reinforced bea~ The gross cross-sectional dimensions of the beam are 4 ~n. in 
the X-direction and 8 in. in the Z-direction. Centerline distances between 
longi tudinal reinforcement for both the Z- and X-directions are also shown. Shear 
5 
reinforcement was provided in the form of closed stirrups. Legs with a 
development length of 1-1/2 in. were made, at an angle of 45 degrees, at one 
corner of the closed ~tirrup. The stirrups were placed on the beams so that the 
legs projected into the core in an alternating pattern. Specimens with #4 bar 
longitudinal reinforcement had stirrups fabricated from plain #7 gage bright-
basic wire. Number 3 bar specimens used plain #10 gage bright-basic wire. The 
stirrup spacing was 1-3/4 in. for both the upper and lower beams. Standard tie 
wire was then used to connect the stirrups to the longitudinal reinforcement. 
After constructing the beam cages, plastic chairs were placed on the longitudinal 
reinforcement, and the cages were placed in the formwork. 
The depth from the surface of the concrete to the centerline of the vertical 
wall reinforcement was 2 in., measured in the Y-direction (Fig. 2.2e Detail A). 
The first horizontal bar, located at the top of the specimen, was placed under 
the vertical steel. The next horizontal bar was tied above the vertical steel. 
This alternating pattern was continued for the remainder of the horizontal bars 
(Fig. 2.2c). The wall reinforcement was constructed inside the formwork because 
the vertical steel had to be inserted through the beam cages. 
Spiral reinforcement (Fig. 2.2e Detail B) was fabricated from plain r.5 gage 
bright-basic ~ire. The spiral, with an inside diameter of 2 in., was placed over 
each one of the canisters. The height of the spiral was approximately the same 
as the height of the canister that it contained. The spiral reinforcement was 
used to confine the concrete around the hole because of stress concentrations. 
Only the three 3/4-in. diameter canisters were without spiral reinforcement (Fig. 
2.2a). 
Plastic chairs were used to support the beams, and to provide the correct 
depth to the longitudinal reinforcement in both the Y- and Z-directions. Chair 
heights, for D-Ol and D-02, were 1/2 and 5/8 in. for the Y- and Z-direc~ions, 
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were constant and equal to 9/16 in. The wall steel was held in place, at the top 
of the specimen, by tying it to the anchors with standard tie wire. Another 
connection was made where the wall steel passed through the beams. Tie wire was 
used to connect the vertical wall steel to the beams in the X-Y plane. Other ties 
were made from the beams, and the wall steel, to canisters mounted to the casting 
platform, so that both cages were rigid in the X-Z plane. 
2.3. Casting 
The formwork, 4 by 8-in. standard cylinders and 2 by 2 by 8-in. prism molds 
were greased with DuoGard concrete form release agent before the concrete was 
cast. 
A batching plant, consisting of a one-cubic-yard Koehring peM Division 
Cyclo-Mixer and an Erie 64 cubic yard aggregate bin, was used to prepare the 
concrete. Coarse aggregates (3/8 in. maximum diameter pea gravel) and fine 
aggregates (Wabash River torpedo sand) were proportioned using a scale, mounted 
on crane rails, under the aggregate bin. The aggregates were then transferred via 
the crane rails to the mixer. Portland type III cement, that had been 
proportioned using a 200-lb Toledo scale, was added to the aggregates. The scale 
had a least count of 1/10 of one pound. The bucket holding the aggregates was 
then lifted, using an electric winch system, and its contents were dumped into 
the mixer. The cement, sand, and gravel were mixed for approximately one minute 
in their dry state. Water was added according to the target water to cement 
ratio. The weight of the water was determined using the same Toledo scale, but 
not all of the water was added. The operator of the batching plant could roughly 
determine what the slump of the mix would be by inspection. Approximately two 
minutes later a standard slump test was performed on a sample of the mix. If the 
slump was too small then more water was added to obtain a workable mix. The 
7 
weight of the remaining water was subtracted from the total and entered into the 
records. 
The wet concrete !las transferred to the casting platform using wheelbarrows. 
Shovels were used to distribute the wet concrete into the formwork and 
consolidation was achieved using a 36-in. long hand held vibrator. Because the 
volume of concrete for each specimen required three wheelbarrow loads, control 
specimens were obtained from the second load. The 4 by 8-in standard cylinder 
control specimens were also consolidated using the hand held vibrator. The 2 by 
2 by 8-in. control specimens were consolidated using a vibration table. Both the 
specimen and the control specimens were screeded to obtain a smooth surface. A 
capping compound, made of a cement and water paste, was then applied to the top 
of the 4 by 8-in. cylinders to insure a flat surface. 
The formwork enclosing the specimen was removed between four and six hours 
after the specimen was cast. The control specimens were removed from their forms 
the following day. It is also noted that, to ready the mixer, a 200-lb butter 
batch was made before the specimen batch. 
2.4. Curing 
The cu~ing process was started between 4 and 6 hours after the specimen was 
cast, immediately after removal of the formwork. Duct tape was placed over all 
of the form~ork bolt holes so that the water used for curing would not enter the 
interior pl)~ood part of the platform. Tape was also placed over the canister 
holes on the specimen for the same reason. Wet sheets of burlap were then placed 
on the top and sides of the specimen. The burlap sheets covered both the wall 
support portion and the beams. The entire platform and specimen was then covered 
with black plastic. 
The control specimens were allowed to harden for 24 hours. At which point 
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they were removed form their 4 by 8-in. standard cylinder molds. Wet burlap was 
then wrapped completely around each of the cylinders and they were placed under 
the black plastic with the specimen. 
Each day, both the specimen and the control specimens were re-wetted with 
water from a hose and re-covered with the black plastic. After ten days, the 
cover was removed and the specimen and control specimens were exposed to the 
laboratory environment. The same curing process was used for all of the 
specimens. 
2.5. Transfer and Assembly 
In storage, the specimens were stacked horizontally with wood 2x4- in. 
spacers between them. Lifting rings were screwed into the anchors that were cast 
as part of the top of the specimen. A twenty ton overhead crane was moved into 
position and cables with hooks were connected to the lifting rings. The specimen 
was then removed from the stack and transferred to a work area located near the 
earthquake simulator. The specimen was lowered onto a lx4-in. piece of pine 
stripping that was used to cushion the contact area between the specimen and the 
concrete floor. Tension was still maintained in the cables to keep the wall in 
the vertical plane. 
The base pin plates (Fig. 2.5a) were positioned at the base of the specimen 
and aligned with the canister holes so that the base pin shafts (Fig. 2.5a) could 
be passed through. Ten 1-3IB-in. diameter shafts were passed through the holes 
in the base pin plate and the specimen. All ten shafts were pushed out of the 
canister holes approximately one inch. The other base pin plate was then 
positioned next to the base of the specimen and its holes were lined up wi~h the 
ten shafts. The plate was then pushed flush against the specimen so that the 
shafts could be pushed through completely and washers and nuts could be placed 
9 
on the shafts and tightened. z The crane was used to lift the specimen up to 
shoulder height so that a mounting plate (Fig. 2.Sb) could be attached to the 
bottom of the specimen~ Four 1/4-in. cap screws were placed through the mounting 
plate from the bottom and turned until they engaged the threaded holes in the 
bottom of the base pin plate. The cap screws were not tightened completely so 
that spacer plates (Fig. 2.Sb) could be inserted in the gap between the bottom 
of the base pin plate and the top of the bottom mounting plate. The holes in all 
three plates were lined up and four 3/4-in. bolts were inserted. The four cap 
screws were then tightened to allow proper alignment, and the four bolts were 
tightened. 
with the base part of the hardware connected, the specimen was ready to be 
attached to the bearing housing assembly (Fig. 2.Sb) that had previously been 
mounted on the simulator platform. Because the bearing housing assembly was 
essentially a pin connection in the East-West direction, wood 4x4-in. posts 6-in. 
long were used to temporarily stabilize it in that direction. The specimen was 
moved into location above the bearing assembly and lowered very slowly, so that 
the holes in the mounting plate could be lined up with the holes in the bearing 
housing. By lowering the specimen with the crane in very small increments, 
leveling the lower part of the bearing housing by hand and rotating the upper 
part of the bearing housing by hand, one of the eight high strength bolts (Fig. 
2.Sb) was inserted into the lined up hole and rotated until the threads engaged. 
The second bolt was placed in the same way. Once two of the bolts were engaged 
but not tightened the remainder of the bolts could be inserted. All of the bolts 
were then tightened in an alternating pattern for a flush fit. At this point the 
Z The holes in the base pin plates were reamed to be 1/16 in. more than the 
diameter of the shafts to facilitate assembly. 
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weight of the specimen was resisted by the bearing housing, but the cable 
connecting the specimen to the crane was still secure to insure stability. 
A temporary A-frame (Fig. 2.Sc) was then erected so that the crane could be 
disconnected from the specimen. The A-frame consisted of a pair of angles, two 
base plates, a steel tube, and a top plate. The steel tube, welded to the top 
plater contained a 3j4-in. diameter piece of all-thread. The all-thread was used 
to connect the top part of the A-frame to the anchor in the side of the specimen. 
Tension was applied to the all-thread that produced compression in the tube. The 
steel tube was made 18-in. long so that the mass plates, that have a 12-in. 
overhang on both sides, could be mounted to the specimen. This steel tube and the 
top plate were mounted to the side of the specimen first. Next, the two base 
plates ~ere bolted to the simulator table using 1/2-in. bolts. The holes that 
these bolts passed through were slotted so that the A-frame could be adjusted as 
the specimen was rotated. Each angle was then connected to the base plate and top 
plate using 3j4-in. diameter bolts. All of the bolts remained loose except for 
the top plate all-thread connection. This was done so that the specimen could be 
rotated about the Y and Z axes into its initial position. Two thirty-ton 
hydraulic jacks (Fig. 2.Sc) were then placed between the bottom of the specimen 
and the simulator platform. The jacks were located under the East and West 
portions of the bottom of the specimen. Bearing plates were used between the 
jacks and the specimen to distribute the load. The jacks were used as temporary 
support and to move the specimen into a level position. A level was placed on the 
side of the wall (along the Z-axis), then one of the jacks was lowered as the 
other was raised until the level showed that the specimen was vertical. Once the 
vertical position was reached, the loose jack was raised until it also carried 
load. The valves of both of the jacks were then tightened and the plumb of the 
specimen was rechecked. Next, the specimen had to be rotated about the Z-axis 
11 
until the face of the wall was in the X-Z plane. This was done using a plumb-
line, parallel to the Z-axis, attached to the centerline of the end of the upper 
beam. The specimen was then rotated until the plwnmet of the plumb-line 
intersected the X-axis. The X-axis was marked by a line scribed in the steel. The 
specimen was rotated by hitting the base of the jacks with a ten-lb sledge 
hammer. After the initial pos i tion of the specimen was rechecked, the connec tions 
of the A-frame were tightened and the crane connection was removed. 
Neoprene mats (Fig. 2.Sb), with bolt pattern cutouts, were taped onto the 
bare concrete around the canister holes on both sides of the top portion of the 
specimen. The mats improved the shear transfer between the steel and concrete. 
The crane was then used to lift the upper tensioning plate (Fig. 2.Sa and 2.Sb) 
into position on the South side of the specimen. Plate A (Fig. 2.Sb) made it 
possible to hang the upper tensioning plate on the wall. Two I-in. diameter bolts 
were passed through the holes in plate A and into the anchors on top of the 
specimen. 
The lateral support (Fig. 2.Sb) was then picked up using a nylon lifting 
strap connected to the crane. The horizontally mounted pillow block bearing on 
the top of the lateral support was lowered down onto a 1-1/2 in. diameter shaft 
located on the top of the specimen. A C-shaped instrumentation bracket and nut 
were placed on the shaft as the lateral support was lowered. The lower end of the 
lateral support consisted of a bearing plate (Fig. 2.Sb) with two holes. The two 
holes in the bearing plate were lined up with holes in a similar bearing plate 
that was attached to a pillow block bearing support. The pillow block in turn was 
attached to a clevis mounted on the simulator platform. Bolts were inserted in 
the bearing plate holes and the nuts were tightened. 
The post tensioning rods (Fig. 2.Sa and 2.Sb) were then inserted through the 
vertical holes in the upper corbel, down through the vertical holes in a similar 
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corbel welded to the side of the base pin plate. The two stiffening rods were 
located only on the South side of the specimen. Four nuts were needed for each 
of the rods because ot load reversals. Nuts were located on the top and bottom 
of each of the corbels. The top nut and washer were placed on the rod before it 
was passed through the holes in the lower corbel. The nut and washer for the top 
of the upper corbel remained on the shaft at all times because the shafts were 
always inserted from the top. Once the rod was passed through the lower corbel, 
a full bridge load cell (Fig. 2.Sa) affixed to an aluminum canister was placed 
over the rod, and the bottom nut and washer were placed on the rod. The remaining 
nut, that was located on the bottom of the upper corbel, consisted of a specially 
made split nut (Fig. 2.Sb) that was installed at that time. 
A model P-3S0 Vishay strain indicator was then connected to each of the load 
cells. As the spacer and mass plates were added to the North side of the 
specimen, the tension in the rods was increased to offset flexural tensile 
stresses in the wall. Depending upon the weight of the object mounted on the 
opposite side of the specimen, the top nut of the upper corbel and the lower nut 
of the lower corbel were turned until a certain micro-strain reading was achieved 
on the strain gage. It is important to note that the torque was applied ~o the 
top nut of the upper corbel away from the load cell. The calibration constants 
for the right and left load cells were 377 and 396 micro-strains per 1000 pounds, 
respectively. 
There were two methods of assembly because two different mass systems were 
used to develop two different eccentricities. The first method is described for 
a test setup using an applied weight of 4000 pounds. 
An eye-bolt was screwed into the top of the 18-in. spacer (Fig. 2.Sb) so 
that the crane could be used to lift it into position. All of the bolt holes were 
lined up with all of the canister holes located in the upper portion of the North 
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side of the specimen. All ten of the 36-in. long, 1-3/8 in. diameter. shafts were 
inserted into the holes in the spacer, through the specimen, and out the South 
side of the upper tensioning plate. The nuts on the shafts had previously been 
moved up one end of the shaft about 8 in. This short length of shaft was the side 
that was inserted into the holes. "Donuts" or thick washers (Fig. 2. 5b) and nuts 
were then placed on the shafts on the South side and made finger tight. The 
tension in the rods was then increased in steps. One of the 2-1/4 in. thick mass 
plates was picked up, using the crane and a lifting hook, and positioned on the 
shafts in the same way. But this heavy plate was lowered in three increments of 
post-tensioning. The remaining plates 7/8, 1/2, 1/2, and 7/8 in. were mounted in 
only one increment of post-tensioning. The last 2-1/4 in. thick plate was mounted 
the same way as the first. After all of the mass plates were installed, washers 
and nuts were placed on the ends of the shafts and tightened with a socket 
wrench. A torque of 100 ft-lbs was then applied to all of the nuts in an 
alternating pattern to insure a flush fit. 
The second method was used for a test setup of 2000 pounds. The 18-in. 
spacer was again used but this"time a 5-3/4 in. extension had been connected to 
it. The extended spacer was lifted into position and mounted in the same way as 
the first method. The remainder of the procedure was the same as the first except 
the order of placement of the mass plates changed to 2-1/4, 1/2, and 7/8 in. 
Stiffeners (Fig. 2.5a and 2.5b) were then attached to the North and South 
sides of the upper arm area of the specimen. One 1-1/8 in. and three 3/4-in. 
shafts were inserted into the holes while one person held the stiffener in 
posi tion. The shafts were extended out the other side of the specimen so that the 
other stiffener plate could be placed over the shafts. Again one person fifted 
the stiffener into position over the shafts. Washers and nuts were then plac~d 
on the fully extended shafts and tightened. 
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The final connections were those from the reactions to the ends of each of 
the beams. The upper beam was connected by a horizontal strut (Fig. 2.Sb) to a 
reaction frame. The reaction frame (Fig. 2.Sb) had been mounted on the earthquake 
simulator previously. One end of the strut was already connected to the reaction 
frame using a 1-1/2 in. diameter bolt passed through a clevis and a male rod end 
bearing. The C-shaped clevis (Fig. 2.Sb) on the other end of the strut was then 
slipped over the end of the upper beam until its holes were lined up with the 
holes in the beam. Thrust bearings (Fig. 2.Sb) were then placed in the gaps that 
existed between the clevis and the concrete. The gaps were located on the top and 
the bottom of the beam. The thrust bearings consisted of a cylindrical roller and 
cage assembly sandwiched between two thrust washers. A special tool was 
fabricated to push the three piece thrust washer set into position. A I-in. 
diameter shaft was inserted when the holes in the clevis, the thrust bearing and 
the specimen were aligned. Washers and nuts were then mounted on the shaft and 
a torque of 20 ft-lbs was applied. 
The connection to the bottom arm used a similar strut (Same Figure) with a 
clevis at one end and a male rod end bearing at the other. However, this strut 
was in a vertical position rather than a horizontal one. The bearing end of the 
strut was connected with a l-1/2-in. diameter shaft that passed through 3/4-in. 
plates welded perpendicularly to the mounting plate. The base plate consisted of 
a 7/8-in. steel plate that was bolted to the simulator platform. The other end 
of the strut had a C-shaped clevis that was attached to the lower beam using a 
1-1/8 in. diameter shaft. Again thrust bearings were inserted in the gaps that 
existed on the sides of the lower beam. The shaft was then inserted into the 
aligned holes. Washers and nuts were placed on the shaft and a torque of 40 ft-
Ibs was applied. 
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After checking all of the connections to make sure that they were tight, the 
A-frame and the jacks were removed. 
3. Materials 
3.1. Concrete 
3.1.1 Composition 
The concrete mix used to cast all of the specimens consisted of: 
(i) Coplay Portland cement type III 
(ii) 3/8-in. maximum size pea gravel coarse aggregate 
(iii) wabash river torpedo sand fine aggregate 
(iv) water 
165 lbs 
578 lbs 
528 lbs 
129 Ibs 
The mix ratio by dry weight used, 1.0:3.2:3.5 (cement:sand:pea gravel), was 
determined from previous research carried out at the University of Illinois. 
Grain size distribution data was obtained for the fine and coarse aggregates 
according to ASTM (C 136-84a) and ASTM (C 33-86). The data are listed in Table 
3.1.1. Several trial batches were tested to determine the water to cement ratio 
(w/c ratio) that yielded the target 28-day compressive strength, between 5000 and 
6000 psi, and a workable slump of approximately 6 in. The w/c ratios for D-OI 
through D-04 started at 0.81 and decreased to 0.74. The corresponding slumps 
ranged from 5 to 6-3/4 in. Each batch was 7.4 ft 3 so that the specimen, sixteen 
4 by 8-in. cylinders, and six 2 by 2 by 8-in. prisms could be cast from a single 
batch. 
3.1.2. Properties 
Three days after casting, three cylinders were tested in concentric axial 
compression according to ASTM Specification C 39-86 so that the gain in strength 
with time could be determined. The remaining control specimens were tested on the 
16 
same day that the dynamic tests were performed. Split cylinder tests, to obtain 
the tensile strength, were performed on six of the cylinders according to ASTM 
Specification C 496-86. The modulus of rupture was determined by flexural tests 
I 
performed on the six prisms using the procedural part of ASTM Specification 
C 293-79. But because the geometry of our loading apparatus, and specimen, was 
1 different than the one outlined in the specification, principles of mechanics 
were used to determine the modulus of rupture, assuming the material to be 
elastic. The seven remaining cylinders were tested in concentric axial 
compression using ASTM Specification C 39-86. But this time an apparatus for 
1 determining axial deformations was connected to the cylinders before the tes twas 
begun. The dial gage part of the apparatus had a least count of 0.0001 in. The 
geometry of the apparatus was such that the axial deformation at the cent·erline 
1 of the cylinder was one-half the measured axial deformation. A measurement of 
axial deformation was recorded at each SOOO-lb increment of load. Only one or two 
readings of axial deformation could be obtained in the region past the ultimate 
load because of the rapidly increasing dial gage reading. The maximum compressive 
strength, modulus of rupture, and tensile strength for each specimen are listed 
.1 in Table 3.1.2a. The maximum compressive strength listed in Table 3.1.2a was 
calcula~ed US1~[ ~he maximum value of load recorded by the testing machine and 
the cross·sec:~8~al area of the cylinder. 
The cod~:us of elasticity of concrete was determined using a secant modulus 
to oneof.alf ~~je rt.l>~irnum compressive stress. A least squares parabola was fitted 
throug~ :~e 0:~f~~al calculated data points. The roots of this equation were then 
solved · .. :it.~. t~./" s~ress equated to zero. The lower value of the two roots ,.-las 
taken as the s:raln offset. All of the strain values in the original set o( data 
were then decreased by the strain offset. The data were again fitted with a 
_.J parabola and the coefficients were determined. The final best-fit coefficients 
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of the polynomial are shown in Table 3.1.2b. Also shown is the final value of the 
strain offset for each of the specimens. The derivative of the equation was then 
determined and equate~ to zero to find the maximum value of stress. The maximum 
stress values for the four specimens are also shown in Table 3.1.2b. The various 
formulas used for the previous calculations are presented and explained in the 
footnotes of Table 3.1. 2b. 3 The final stress -strain plots for all of the 
specimens are shown in Fig. 3.1.2. 
The age of each of the test specimens is given in Table 3.l.2c, as well as, 
the dates of casting and dynamic testing. 
3.2 Reinforcing Steel 
3.2.1 Composition 
The following reinforcement was used for specimens D-Ol and D-02. Beam 
longitudinal reinforcement consisted of #3 bars with X-type deformations. 
Straight 20 ft. lengths were purchased from The Kurland Steel Company of 
Illinois. Shear reinforcement was provided by closed stirrups fabricated from #10 
gage bright-basic undeformed wire. The wire was purchased, from The Central Steel 
and wire Company of Chicago, in 10-ft lengths that were straightened from 24-in 
inside diameter coils. 
X-type deformed ~4 bars were used for the longitudinal reinforcement in 
specimens D-03 and D-04. The bars were purchased in 20-ft lengths from the same 
company as the ~3 bars. Shear reinforcement was provided by closed stirrups 
fabricated from undeformed #7 gage bright-basic wire purchased from the same 
company as the ~lO gage wire. The wire was purchased in IO-ft lengths 
straightened from a 24-in diameter coil. 
3 Concept of shifting concrete curve was found in Ref. 2, p. 375. 
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Wall reinforcement consisted of the same type of #3 bar reinforcement for 
all of the specimens. However, this batch of #3 bars was purchased from the same 
company but for a previous experiment with a similar specimen. 4 Spiral 
reinforcement was also provided around each of the block-out canisters. Spirals 
with an inside diameter of 2 in. were fabricated from #5 gage bright-basic plain 
wire purchased from The Central Steel and wire Company. 
3.2.2 Properties 
An MTS testing machine with a capacity of 50 kips was used to test all of 
the reinforcing steel. A schematic of the "closed loop" system is shown in Fig. 
3.2.2.5 Displacement control was used for the test. The load cell shown in the 
figure was used to measure the tensile force applied to the steel coupon. 
The main components in the "closed loop" system are the Hydraulic Power 
Supply, Hydraulic Actuator, Servovalve, External Oscillator, Feedback Selector, 
Command Input Module and SERVAC Signal Controller. A programmed signal from the 
external oscillator, consisting of a "ramp function" (0.06 in./minute), was used 
as the desired input into the command input module of the MTS 401.03 signal 
controller. The desired signal was then compared, using the SERVAC signal 
controller, to the feedback signal obtained from the actuator displacement. 
A feedback signal from the LVDT was produced corresponding to the displacement 
of the actuator. Because the two voltages were not equal, a control signal from 
the SERVAC controller was sent to the servovalve forcing it to open or close. The 
resulting change in pressure caused a displacement of the actuator that was 
measured by the core displacement of the LVDT. The LVDT signal was then sent to 
a feedback selector that in turn was connected to the command input module and 
~ Ref. 1, Section A.l.4 (b), p. 228. 
5 Ref. 3, Introduction, pp. 1-7. 
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SERVAC signal controller. The two signals were again compared by the SERVAC 
controller and a change in actuator pressure resulted. Because the signal from 
the external oscillatqr was continually increasing, at a very slow rate, the 
displacement of the actuator also increased at the same rate. 
A hydraulic power supply was used to deliver oil under pressure to the 
actuator. The sending pressure was varied from 2000 to 2500 psi for the #7 gage 
and rebar, respectively, to prevent the jaws of the machine from damaging the 
test specimen. The return line from the actuator to the power supply operated 
at 20 gallons per minute. 
The data contained in Table 3.2.1 for the #10 gage bright-basic wire was 
taken from Reference 1 (p. 247). Because the stirrups from that project, for the 
#3 bar specimens, were the same ones used for the #3 bar specimens of this 
project. 
Tensile tests were also performed on the #3 and #4 bars. Sixteen samples of 
each bar size were cut into l8-in. coupons and gage marks were spaced at 2 in. 
with 3 in. of grip length at each end. The gage lengths were measured using 
dividers and a steel rule with a least count of 0.01 in. and recorded. An 
extensometer ~as attached to the bar to measure change in length. A calibration 
was perforrr.ed O~ :he extenso~ter yielding the slope (mI), of the voltage versus 
displacernen: ~:;,e, end the Ecal (VI) voltage measurement. Before conducting the 
test, an Ecal {v- ~as taken so that equation 1 of Fig. 5.5 could be solved for 
the slope C~ tt~: ~ay (m2)' The displacement of the extensometer was found by 
multiplying. \t:~ ~\' the voltage output. The change in length of the coupon was 
determined b~ s~:::a:ting the extensometer displacement at zero load from all of 
the recorded di!~:acernents. Strains were then computed using the computed change 
in length divided by the initial gage length of the extensometer (1 in.). Output 
from the extensometer was recorded using a Hewlett Packard 3497A Data Logger 
connected to an IBM PS/2 Model 50. Output was also sent to a Honeywell 530 
plotter that was used to estimate strain-hardening in the coupon. The 
extensometer was removed before the coupon strength was reached so that rupture 
I of the coupon would not damage the delicate measuring device. Output from the 
load cell was converted to stress using the area of the coupon and the constant 
(2.5 kip~l volt). A plot was then generated for each coupon tested to determine 
graphically the yield and ultimate stresses, as well as, the strain at the onset 
of strain hardening. Ultimate strain was estimated by measuring the final gage 
length across the region of bar rupture. The mean and standard deviation for the 
yield and ultimate stresses are given in Table 3.2.2a. 
Seven coupons of #7 gage bright-basic wire was tested using the tensile 
testing machine. Because only the nominal strength values for the bright-basic 
1 ~ire were needed, machine load and ram deflection were measured. The load-cell 
I transducer output voltage was multiplied by a constant (1 kip=l volt) to determine load, and then divided by the area of the coupon to convert to stress. 
, 
I The testing machine ram output voltage versus deflection curve was determined by 
measuring the output voltage at 0.1 in. displacement increments. Best-fit cubic 
] curve coefficients ~ere calculated and applied to the ram displacement output. 
A plot was generated of stress versus ram displacement, so that the stresses at 
the proportional limit and ultimate could be graphically determined. The mean and 
I standard deviation for stresses at the proportional limit and ultimate of the #7 j 
gage bright-basic wire is given in Table 3.2.2b. 
i 
I 
.-l 
, 
: 
J 
.~ 
j 21 j 
-
3.3 Steel used for Experimental Hardware 6 
Both beam reaction support columns were fabricated from ASTM A53 Type E 
standard weight structural steel pipe with a minimum yield strength of 35 ksi and 
a minimum tensile strength of 60 ksi. The inside and outside diameters of the 
pipe cross-section were 1.610 and 1.900 in. 
All connections using plate material were fabricated from A36 structural 
steel plate with a minimum yield strength of 36 ksi and a minimum tensile 
strength of 60 ksi. 
The end-threaded shafts used for the base pin connection were fabricated 
from SAE grade 1018 cold-drawn steel round. This material had a minimum yield 
strength of 60 ksi and a minimum tensile strength of 70 ksi. A36 All-thread 
shafts were used for the mass plate connection at the top of the specimen. The 
minimum yield strength was taken as 36 ksi. The end-threaded shafts used for the 
reaction column connections were fabricated from SAE grade 1144 "stressproof" 
strain-relieved steel round, with a minimum yield strength of 100·ksi and a 
rninirnlliu tensile strength of 125 ksi. 
The bearing housing assembly was composed of four major parts. The bearing 
housing, the bearing insert, the bearing platform, and the hold-down pin. The 
hold-down pin and the bearing insert were machined from Rytense 44 SAE grade 1144 
cold-dra~~ steel round. Rytense 44 SAE grade 1144 has a minimum yield strength 
of 53 ksi and a minimum tensile strength of 97 ksi. Both parts were also heat 
treated to a Rockwell hardness of 58. The additional hardness of the bearing 
insert ",,"as specified by the manufacturer of the heavy duty Needle Roller 
6 Part of the information presented in this section was taken from Ref. 1, 
Section A.l.4 (c), p. 229. 
Minimum values of yield and tensile strengths were determined using 
Ref. 4, p. 108. 
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Bearing. 7 The hold-down pin was heat treated to increase its tensile strength. 
The bearing housing was fabricated from Rycase SAE grade llL17 cold-drawn steel 
round with a minimum yield strength of 34 ksi and a minimum tensile strength of 
62 ksi. The bearing platform consisted of A36 plate steel cited above. 
Bolted connections were made with A354 BD high-strength bolts and 
corresponding high-strength nuts. 
4. Test Setup 
4.1 Overall Description 
The South and East elevations of the specimen and mounting hardware are 
shown in Fig. 4.la and 4.lb. Also given is the terminology used for the various 
components. 
The specimen was connected in such a way that an eccentric mass would cause 
translation of the wall in the X-Z plane and rotation of the wall about the Z-
axis. Resistance to ground motion was provided by two doubly-reinforced concrete 
beams with the same cross section. weak-axis bending was induced in the upper 
beam due to rotation of the specimen about the Z- axis. The lower beam was 
subjected to strong-axis bending when the specimen underwent translation in the 
X-Z plane. The following sections describe the connections used to produce the 
desired specimen response to ground motion. 
4.2 Rotation of the Base 
The base part of the wall is shown in Fig. 4.2. Two major components make 
up the base connection. The first is the base pin plates which permit a 
connection between the concrete specimen and the bearing housing assembly, and 
the second is the bearing hous ing assembly which permi ts the tors ional and 
7 Ref. 5, Torrington Bearing HJ-8010440, pp. 102-103. 
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translational degrees of freedom. Three steel plates fabricated from 3/4-in. 
material make up one of the base pin plates. The dimensions of these plates, 
which were joined together using fillet welds, are given in the south elevation 
of Fig. 4.2. Shafts, i-3/B-in. diameter, were used to fasten the base pin plates 
to the base of the specimen. A mounting plate (Fig. 4.2 south elevation) was 
attached to the bottom of the base pin plates with 5/16-UNF socket-head cap 
screws. Spacer plates (Fig. 4.2, south elevation) were inserted between the 
mounting plate and the base pin plates and four 3/4-in. diameter bolts were 
passed through all three plates. The bearing housing was attached to the bottom 
of the mounting plate using eight 1/2-UNF bolts. Internal bearings in the bearing 
housing allowed rotation of the specimen about the Z-axis but restricted 
rotations about the Y- and X-axes. An internal strain-hardened l-in. diameter pin 
connected the bearing housing to the box-shaped portion of the bearing housing 
assembly. The box section was fabricated from 3/4-in. steel plate using fillet 
welds on both sides. The dimensions of the various plates are given in Fig. 4.2. 
Plates were welded perpendicularly to the bottom of the box-section forming 
clevises. Pillow block bearings between the plates of the clevis, and a 1-1/2-in. 
diameter shaft, allowed rotation of the specimen about the Y-axis. However, 
because the bearings were spaced 11.2S-in. apart with the shaft passing between 
them, rotations about the X- and Z-axes of the shaft were prevented. 
Schematically, referring to Fig. 4.2, there was a pin in the X-Z plane located 
directly below a rotational degree of freedom about the Z-axis. 
4.3 Top of Wall Movement 
The South and East elevations of the top of the specimen are shown in Fig. 
4.3. Because the top of the wall underwent both translation in the X-Z plane and 
rotation about the Z-axis, two degrees of freedom for this connection were 
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necessary. A rotational degree of freedom about the Z-axis was provided using a 
pillow block bearingS horizontally mounted to the top of the lateral support. 
A translational degree of freedom was provided using a pillow block bearing9 
mounted vertically at the bottom of the lateral support. The bottom pillow block 
bearing, in conjunction with the pillow block bearings 10 at the base of the 
specimen, created a door-hinge action of the lateral support (Fig. 4.lb). The 
primary function of the lateral support was to keep the top of the wall in-plane. 
Bolts, 1/2-in. diameter, were used to fasten the pillow block, and a spacer plate 
(Fig. 4.3), to the top of the lateral support. The plates at the top of the 
lateral support were joined to the structural square tube using fillet welds. 
The upper tensioning plate was used to connect the lateral support and 
attached weights (mass plates) to the concrete specimen. Further discussion of 
the mass plate assemblage is presented in a subsequent section. A 1-1/2-in. 
diameter shaft was passed through the top pillow block bearing of the lateral 
support and screwed into the top part of the upper tensioning plate. A nut on the 
top of the shaft locked the pillow block bearing in place. A misaligning feature, 
characteristic to this type of bearing, allowed small rotations of the shaft 
about the X-axis (Flexure of the wall). The top shaft remained perpendicular to 
the top of the specimen (Y-Axis), because both the top and side plates of the 
upper tensioning plate were bolted to the specimen. In addition, the top and side 
plates were joined together using fillet welds and stiffeners, therefore, full 
moment transfer occurred between the specimen and the shaft even though this 
moment was small. Moment existed in the wall due to the eccentric mass. Another 
reason for the misaligning feature of the bearing was due to possible 
8 Ref. 6, SealMaster Bearing NPD-24, p. 26. 
9 Ref. 7, Dodge Bearing Type E 060371, p. B3-B. 
10 Ref. 8, Fafnir Bearing RSAO GNl08KRRB, p. 132. 
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inaccuracies in the machining and fabrication of the lateral support. Because of 
these errors, the top mounted pillow block bearing may not have been mounted 
perpendicularly to the Y-axis. 
4.4 Movement of the Upper Beam 
The upper-beam restraint is shown in Fig. 4.4. The rotational motion of the 
specimen induced weak-axis bending in the upper beam (Bending about the Z-axis). 
The translation in the Y-direction of the beam end was restrained by the support 
shown. A reaction strut, fabricated from standard duty 2-in O.D. tubing, with a 
male rod end bearing11 on one end and a clevis on the other was used to restrain 
the beam. The male rod end bearing was connected to the end of the strut, through 
internal threads, and locked in place with a nut. A clevis welded to the reaction 
frame held the rod end bearing in place with a l-lj2-in. diameter shaft. At the 
other end of the reaction column was another clevis with a shaft passing through 
it and the beam. Four-bolt flange unit bearings12 on the top and bottom of the 
clevis permitted rotation of the clevis about the Z-axis. Thrust washers with 
cylindrical roller bearings13 were placed between the steel plates of the clevis 
and the concrete specimen on both the top and bottom of the beam so the clevis 
would not clatter. 
~~en the specimen undergoes translation in the X-Z plane the end of the 
upper beam will undergo translation in the Z-direction (Fig. 4.4). To prevent 
strong-axis bending in the upper beam, additional bearings in the reaction strut 
were necessary. A misaligning feature of the male rod end bearing allowed 
11 Ref. 9, Aurora Bearing KM-24Z-l, p. 12. 
12 Ref. 6, SealMaster Bearing SF-16, p. 30. 
13 Ref. 5, Torrington Bearing NTA-1625, Washers TRB-1625 and TRC-1625, pp. 
78-79. 
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rotation of the strut about the X-axis or limited unrestrained displacement of 
the beam end with respect to the rod end connection at the reaction frame. To 
prevent torsion of the beam, due to displacement of the beam end in the Y-
direction, a pillow block bearing14 was mounted to the right side of the beam 
clevis. The pillow block bearing permitted rotation of the reaction strut about 
the X-axis when the beam end displaced in the Z-direction. 
The reaction frame consisted of 4x4xO.25-in. structural steel tubing welded 
together in the shape of a triangle in the Y-Z plane. Another smaller triangle 
was fabricated in the X-Z plane from the same material and welded to the existing 
triangle. The bottom of the triangles were welded to base plates that were in 
turn bolted to mounting plates using 31 bolts, 1/2-in. diameter. The mounting 
plates were then fastened to the simulator platform using 1/2-in. diameter bolts 
at one-foot spacings . 
4.5 Movement of the Lower Beam 
A reaction column similar to the one described in the previous section, but 
shorter in length, was used for this connection. South and East elevations of the 
lower beam reaction column are shown in Fig. 4.5. Translation of the specimen in 
the X-Z plane induced strong-axis bending in the lower beam. The reaction column 
resisted this motion with a male rod end bearing15 on one end and a clevis on 
the other. The clevis, composed of 3/4-in steel plate material welded together, 
permitted rotation of the beam about the Y-axis. through a l-l/B-in. diameter 
shaft and two four-bolt flange unit bearings16. The male rod end bearing allowed 
unrestrained rotation of the strut about the Y-axis. A I-lj2-in. diameter shaft 
l~ Ref. 7, Dodge Bearing Type E 060371, p. B3-8. 
15 Ref. 9, Aurora Bearing KM-24Z-1, p. 12. 
16 Ref. 6, SealMaster Bearing SF-IB, p. 30. 
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passed through the rod end bearing and a clevis mounted to the simulator. The 
clevis consisted of a three 3j4-in. plates joined together with fillet welds. 
To prevent weak-axis bending in the lower bearn, caused by rotation of the 
specimen about the Z-axis, additional bearings were needed. Limited displacement 
of the beam end in the Y -direction (Fig. 4.5 east elevation) was unrestrained due 
to a pillow block bearing17 at the bottom of the clevis and due to the 
misaligning feature of the rod end bearing. Thrust washers 18 were inserted 
between the clevis and the beam on both sides to prevent the beam from 
clattering. 
4.6 Mass Plate Assemblage for Variable Eccentricity 
A mass was connected to the specimen at an eccentricity to produce the 
required torsional response of the specimen. The eccentric mass connection used 
for the 4000-lb setup is shown in Fig. 4.6a. A spacer, fabricated from 1/2-in 
steel plates into the shape of a hollow box, was used to position the mass plates 
at the required eccentricity. The spacer was IS-in. long in the Y-direction. 
Connected to the left side of the spacer, with Ij2-in. socket-head cap screws, 
was a lj2-in. thick steel flange (Fig. 4.6a east elevation). A square hole was 
cut out of the flange to reduce its weight. A lxlxl-in. strip of steel was welded 
to the flange around the outside of the hole. The spacer was then placed over the 
strip of steel and 3jS-in. diameter socket-head cap screws were used to hold it 
in place. The flange provided contact area for the transfer of shear forces 
be tween the s tee 1 spacer, neoprene mat, and concre te spec imen. AII- thread shafts, 
1-3/8-in. diameter, passed through holes in the spacer flange and held the spacer 
17 Ref. 7, Dodge Bearing Type E 060371, p. B3-S. 
18 Ref. 5, Torrington Bearing NTA-2031, Washers TRB-203l and TRC-203l, 
p. 78. 
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in place with washers and nuts. This was done so that the spacer could be held 
in place while the crane was used to position the mass plates. Once the mass 
plates were in position, the all-thread shafts were tensioned with a torque of 
100 ft-Ib. Stress concentrations in the left side of the specimen were reduced 
using "Donuts" or thick washers (Fig. 4.6a east elevation). 
Response of the specimen due to changes in applied mass was also studied. 
Because of the geometry of the specimen it was found that the torsional or upper 
beam would not yield when the mass was decreased by one-half, from 4000 to 2000 
lbs. Because of this problem an extension to the existing spacer was needed. 
Figure 4.6b shows the mass eccentricity connection for the 2000-lb system. The 
differences between the 2000 and 4000-lb setups were that the number of mass 
plates was reduced by one-half and an extension to the existing spacer was used. 
The length of the extension to the spacer, which had the same cross-section as 
the existing spacer, was S.7S-in. in the Y-direction. 
4.7 Other Connections 
A constant shear force was developed in the upper beam, due to the upper-
beam restraint and the rotation of the specimen about the Z-axis. Tearing out of 
the upper·bea~ ~ongitudinal reinforcement was prevented using stiffeners (Fig. 
4.7). The r:a:t-s cf the stiffener were welded together using fillet welds on both 
sides. Thre~ ~ ~. in. diameter rods, passing through the stiffeners, were used to 
apply Ci CO:;;:;:}.!, ~ "w'e pressure at the beam-wall intersection. Closer to the center 
of the ~al:. ~ .-:!8-in. diameter shaft was used to hold the stiffeners in place 
and to ci~~:~~ ~=~ the compressive pressure on the wall. 
Flexural ~:resses were produced in the specimen wall due to the ecc~ntric 
mass. Pre-tensioning rods (Fig. 4.7) were placed on the South side of the 
specimen, opposite of the attached weights, to counteract the resulting flexural 
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stress distribution. A corbel, fabricated from 3j4-in. steel plate material, was 
welded to the upper tensioning plate and a similar one was welded to the South 
side base pin plate. A I-in. diameter rod was then passed through both of the 
corbels. Nuts were provided both at the top and bottom of the corbel, in 
anticipation of load reversals. Because of the method of assembly of the test 
setup, a split nut was used on the bottom of the upper corbel. Placement of the 
individual mass plates required calculated pre-tensioning of the rods. If the 
tension force in the rods was too large, then the North side of the specimen wall 
would crack. If the force was too small, then introduction of the mass plate 
would cause the South side of the wall to crack. The flexural tensile strength 
of the concrete was estimated and reduced by a factor of safety against cracking 
equal to three. With this allowable stress, and assuming a linear stress 
distribution, the required pre-tensioning force could be determined. Incremental 
pre-tensioning was used for the 2-1/4-in. thick mass plate due to its large 
weight. The tension force in the rods would be increased until a predetermined 
stress distribution in the wall was achieved. Approximately one-half of the 
weight of the mass plate would then be imposed on the wall, and the rods would 
be tensioned to there final value. The mass plate would be lowered the remaining 
distance and the next plate would be mounted in the same way. 
4.8 Dimensions 
4.8.1 Specimen Dimensions 
Each specimen may be said to consist of a wall or slab and two beams (Fig. 
4.8.1). The wall portion of the specimen was 81 in. tall in the Z-direction by 
30 in. wide in the X-direction and 4 in. thick in the Y-direction. The beams· were 
8 in. tall in the Z-direction by 4 in. thick in the Y-direction and had variable 
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X-direction lengths. The X-direction lengths were 49-1/2 and 37-1/2 in. for the 
upper and lower beams, respectively. 
4.8.2 Gross Beam Dimensions 
Nominal dimensions of the test specimen beam elements were 4 in. in width 
and 8 in. in height. Actual gross cross-sectional dimensions were determined 
using a steel rule with a least count of 1/32 of an inch. Measurements are 
presented in Table 4.8.2. Gross cross-sectional dimensions were determined at two 
locations. One at the connection between the beam element and the support wall 
and the other at the point of support at the end of the beam element. Figure 
4.8.2 shows these locations. 
4.8.3 Measurement of Effective Depths 
The effective depth to the longitudinal reinforcement was found by measuring 
the depth of the concrete cover. After the dynamic tests were completed, the 
concrete cover for the beam, at the face of the wall, was chipped away using a 
hammer and chisel. Inspection of the broken pieces showed indentations that 
corresponded to the position of the longitudinal reinforcement. The depth of 
concrete cover was then measured, from the broken piece, as the distance between 
the flat outside surface and the interior indentation. A dial indicator was used 
that had a least count of 0.001 in. But due to surface irregularities, the 
~ccuracy obtainable was 0.01 in. These measurements are summarized in Table 
4.8.3. The effective depth to the reinforcement was calculated as the gross 
height or width minus the depth of cover for one side minus one-half the bar 
diameter. 
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4.B.4 Weight of Hardware and Specimens 
Weights were determined for all of the components that contributed to the 
rotational and translational inertia of the test system. Table 4. B. 4 contains the 
weight of these components for the four tests. All components less than BOO lb 
were weighed using a Toledo scale with a least count of one lb. Components 
greater than 800 lb were weighed using a full bridge load cell suspended from a 
20- ton overhead crane. A model P- 350 Vishay strain indicator was used to 
determine the micro-strain value (micro-strain/1000 lb) associated with the 
weight of a particular component. Then using the calibration constant for the 
load cell (305.2 micro-strains/1000 lbs.), the weight of the component was found 
as the strain indicator reading divided by the calibration constant. 
The accuracy of the load cell was checked by comparing the calculated weight 
obtained from the strain indicator with the weight of the component obtained from 
the scale. This test was performed on all of the components less than 800 lb. It 
was found that the weight obtained from the load cell was accurate to within plus 
or minus five 'L olD. The four specimens and the two largest mass plates were the 
only components \.Jeighing more than BOO lbs. To check the measured weights 
obtained from :he load cell, the volumes of the components were calculated and 
multiplied by :he densities of steel and concrete. The density of steel and 
concrete !,.,,'ere ~e~:€n as 490 lbs./ft. 3 and 150 lbs./ft. 3 , respectively. The 
calcula tee \.:t::' [ .. ,: s · .. :e re wi thin three percent of the values obtained from the load 
cell. 
4.9 Free-Vib~~:~c~ 7est Setup 
The natural frequency of the specimen was measured before and after each of 
the earthquake simulations using a free-vibration test (Fig. 4.9). To perform the 
free-vibration test, a cable was connected to the top of the specimen using an 
32 
., 
i eye-bolt fastened to an angle. The angle had been attached to the top of the mass 
plates previously. The other end of the cable passed horizontally, in the 
positive X-direction, through a pulley and dropped vertically to a small platform 
containing weights. The pulley was connected wi th a bolt to a channel. The 
channel in turn was bolted near the top of two cantilevered wide flanges that 
1 were bolted to the floor. The platform, supporting the weights, was resting on 
a 2 - ton foot-powered hydraulic table that was used to lift the platform up to the 
end of the cable. A small linkage of wire was then strung between the end of the 
- .~ cable and the eye hook of the platform. The correct quantity of weight, for the 
given specimen, was placed on the platform and the hydraulic table was lowered. 
J 
As the weight was lowered, the cable tightened and the specimen displaced. The 
displacement of the specimen was measured using a 4-in. dial gage with a least 
1 
• count of 0.001 in., and recorded. This measurement was made at the vertical 
, location of the center of mass of the applied mass plates. When the 
..1 
instrumentation was ready, the wire linkage was cut using bolt cutters and the 
specimen was free to vibrate. For specimens D-OI and D-02, which contained number 
3 bar longi tudinal reinforcement, the initial weight was 200 lbs. After the beams 
1 
J of the specimen were cracked from earthquake simulation (run 1), the applied 
weight was increased to 300 Ibs. The same load of 300 lbs was used after runs 2 
and 3. For specimens D-03 and D-04, which had number 4 bar reinforcement, the 
initial weight was 250 lb. After the first run the weight remained the same. The 
applied weight was then increased to 300 and 400 Ibs after the second and final 
runs . 
. ~ 
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5. Instrumentation 
5.1 Linear Variable Differential Transformers (LVDT,s) 
Displacements of the specimen, relative to the instrumentation tower, were 
measured throughout the duration of the dynamic tests using LVDT' s. The 
instrumentation tower (Fig. 5.1) was assumed to be very stiff, therefore, the 
displacements obtained from the LVDT's were considered the same as displacements 
measured with respect to the simulator platform. The frequency of the 
instrumentation tower was approximately 40 Hertz. A 6x6xl-in. angle, bolted to 
the tower at a distance of 2/3 the height from the base, was used to connect two 
4x4xO.25-in. square structural steel tubes from the tower to the simulator 
platform (Fig. 6.1). The Manufacturer's ratings for the LVDT's are given in Table 
5.1 19 and their locations are shown in Fig. 5.1. Nine LVDT' s were used to 
measure the centerline displacement of the wall portion of the specimen. One LVDT 
was mounted to the top of the specimen. Two LVDT's were mounted on both sides of 
the specimen, II-in. down from the top one. Two more were located 41-in. below 
the top one, again on both sides of the specimen. The next two were located 50-
in. from the top, and the final two were 7B-in. from the top. Eight displacement 
points, along the height of the specimen, were used for redundancy. Four LVDT's 
were used to measure the translational and rotational displacements of the base 
pin connection. One remaining LVDT was used to measure the table displacement 
relative to ground (laboratory floor). 
Each LVDT consisted of a core, a core housing, and a mounting block (Fig. 5.2 
Detail A). The mounting block was fastened to a 2x2xl/B-in. angle using a Ix2-in. 
plate and two 1/8-in. diameter all-thread rods. The angle, which was 48-in. long 
in the North-South direction, in turn was connected to the instrumentation-tower 
using 1/2-in. diameter bolts. The stainless steel core of the LVDT displaced 
19 Ref. 10, A-C LVDTS Series 210-220, System Specifications. 
34 
I 
1 
i 
I 
1 j 
I 
I 
-; 
r 
.j 
J 
inside the magnetic field of the housing, producing a change in voltage: 'Because 
there is a linear relationship between voltage and displacement, within the 
working range (stroke) .of the LVDT, changes in voltage were directly proportional 
to changes in displacement. A brass coupler was used to connect the core of the 
LVDT to a stainless steel extension rod, the other end of which had a similar 
brass coupler. Figure 5.3 shows the other end of the stainless steel extension 
rod connected to the LVDT swivel mechanism at the top of the specimen. The swivel 
mechanism consisted of a stainless steel ball, welded to the end of a stainless 
steel rod. The ball was housed inside a spherical hole machined into two halves 
of an aluminum rectangular box. The swivel mechanism allowed rotation and 
translation of the mounting block while the LVDT extension rod remained 
reasonably straight. The aluminum box was in turn connected to an aluminum angle, 
for the top mounted LVDT, or a mounting block, for the remaining eight LVDT's 
connected to the wall. Number 10 socket head cap screws were used to connect the 
swivel mechanism to both types of mounting devises. The mounting blocks, for the 
LVDT's attached to the side of the specimen, were glued to metal or concrete 
using H-Bond. Two part PC-7 epoxy was then spread around the base of the block. 
Figure 5.4 shows the instrumentation setup used to measure the translation 
and rotation of the base. Two LVDT's, mounted on top of 10-in. tall towers, were 
used to measure the rotation of the specimen about the Y-axis. The mounting 
blocks that supported the swivel mechanisms were glued and epoxied, as described 
above, to the box-section part of the bearing housing assembly. Two additional 
LVDT's were mounted to the West end of the box-section using mounting plates. 
These two LVDT's measured the rotation of the specimen about the Z-axis. 
Different swivel ruechanisms, having rotational degrees of freedom about ~he z-
axis only, were used for this measurement. The swivel mechanism was welded to a 
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bracket that in turn was mounted to the bottom of the base pin plate using a 
clamp. 
Each LVDT was calibrated using a special calibration apparatus. The LVDT 
core and housing were fastened to the apparatus using a nonmetallic block and 
bolts. An extension rod spanned between the end of the core and a fixed base. A 
4-in. dial gage, with a least count of O.OOl-in., was used with the test 
equipment to measure the deflection of the core. The leads of the LVDT were 
connected to the Endevco signal conditioner that the LVDT would use during the 
dynamic simulation. The signal conditioner was an integral part of the LVDT. If 
a new signal conditioner were used for the dynamic tests then the LVDT would have 
to be recalibrated. A PC, with data acquisition software, was connected to the 
output of the LVDT. With a core displacement of zero, ten Ecal and zero voltage 
measurements were recorded by the PC. The core of the LVDT was then displaced to 
its maximum usable range (minus 3 in. for a 3-in LVDT). Five voltage measurements 
were recorded at each given increment of displacement. The increment value was 
taken as one-twentieth the full scale displacement value of the LVDT. Ten more 
Ecal and zero voltage readings were recorded at the end of the test, again with 
a core displacement of zero. The data recorded by the PC was then imported into 
a Quattro spreadsheet so that a linear-regression analysis could be performed. 
Output from the analysis yielded an equation of a line that could then be used 
in a data conditioning program. The program used the equation for a given LVDT 
to convert voltages, obtained from the dynamic tests, into displacements. Ecal 
voltage measurements were necessary to relate the slope of the LVDT equation at 
time one to the slope of the equation at time two. The slope of the line will 
change due to atmospheric fluctuations and amplifications of transducer output. 
Figure 5.5 shows the linear relationship between voltage and displacement for a 
given LVDT. The upper line (Time 1) could be the calibration line determined from 
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the linear regression analysis. The lower line would then be the one determined 
using the calibration line, the Ecal voltage at time 2, and equation 1. The 
advantage of this procedure was that the equation of the LVDT line could be 
determined from the Ecal voltage measurement taken before the dynamic simulation. 
Also, it should be noted that the calibration line does not necessarily have a 
larger slope than the dynamic simulation line. 
5.2 Accelerometers 
Accelerometers were used to measure the acceleration of the specimen in the 
x, Y, and Z-directions, as well as, the simulator platform in the X-direction. 
Figure 5.1 shows the location of the 19 accelerometers used. Manufacturer's 
ratings for the accelerometers are presented in Table 5.2.20 
One accelerometer was mounted to the top of the specimen as shown in Fig . 
5.3. The accelerometer was mounted to a steel bracket using a liS-in. diameter 
fillet head screw and two nuts. The bracket was in turn mounted to the 
instrumentation bracket using M-Bond and PC-7 Epoxy. The primary axis of the 
accelerometer was pointed in the East direction (Positive). The center of seismic 
mass of the accelerometer was positioned precisely on the centerline of rotation 
of the wall. Therefore, only accelerations associated with the translational 
motion were measured. 
Ten Accelerometers were mounted to the support wall portion of the specimen 
with their primary axis pointed in the East direction (Positive). Accelerometers 
were mounted on both sides of the specimen, ll-in. below the top mounted one. 
Figure 5.3 shows a typical accelerometer connection to a mounting block (Lower 
Accelerometer). A specially made mounting screw was threaded into the mo~nting 
block until the nut, located in the middle of the headless screw, was tight 
20 Ref. 11, pp. iii-iv. 
37 
against the block. The accelerometer was then rotated onto the exposed threads 
of the screw, until it became tight against the nut (18 ft-lb). The accelerometer 
on the other side of the specimen was mounted in the same way. The next two 
accelerometers, located at the center of mass of the attached weights, were 
mounted to angles the same way as the top one. Two more, located 4l-in. below the 
top one, were also mounted to blocks. The next two sets of accelerometers were 
again mounted to blocks, located 50 and 64-in. from the top one. The 
accelerations measured by the wall-mounted accelerometers consisted of two 
components. One component resul ted from the translational motion of the specimen, 
whereas, tors ion caused the other component. Both components were directed in the 
X-direction. 
Two additional accelerometers were attached to the mounting plate using 
blocks (Fig. 5.4). Acceleration at the base of the specimen, in the East 
direction, was measured with these instruments. Two accelerometers were used for 
redundancy because of the importance of this measurement for analysis. 
Cubes, supporting an accelerometer in the X, Y, and Z- directions, \17ere 
mounted to opposite corners on opposite sides of the attached weights (Fig. 5.2). 
Detail A shows one cube mounted on the South side of the attached weights. Flat-
head machine scre~s, 1/8-in. diameter, were used to connect the block to the 
plate. The volume centroid of the aluminum cube was located 26.5-in from the 
centerline of the wall, measured in the X-directio~, and 0.5-in. from the bottom 
of the mass plate. measured in the Z-direction. The other cube was located 26.5-
in. from the centerline of the wall, in the X-direction, and O.S-in. from the top 
of the attached weight, in the Z-direction (Fig. 5.2 Detail B). 
Accelerometers were calibrated by subjecting them to the gravitational pull 
of the Earth. All 19 of the accelerometers were mounted to a calibration bar that 
in turn rested on top of support blocks. The calibration bar had previously been 
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leveled to within 0.001- in. Cables connected the accelerometers to signal 
conditioners that in turn were connected to a micro-VAX. The bar was inverted, 
such that the accelerpmeters were pointing downward, subj ecting them to the 
Earths gravitational pull (Positive g) and the data were recorded. The bar was 
then positioned so that the instruments were pointing directly up (Negative g) 
and again the data was recorded. The accelerometers were then pos i tioned 
horizontally in both directions to record the zero values. With four points 
known, a straight line linear regression could be performed. The acceleration at 
any time could be determined from the voltage output of the transducer, knowing 
the equation of the line and Ecal from calibration, using the Ecal taken before 
the dynamic simulation, and invoking the theory presented in Fig. 5.5. 
5 _ 3 Load Cells 21 
A four-arm strain bridge was attached to the outside of the pipe sections 
used in both the upper and lower beam reaction columns (Fig. 5.1). The strain 
bridge was used to measure the load carried by the columns (reactions). The 
reaction force was needed to determine the moments in both the upper and lower 
beams. Strains in the pipe due to flexure canceled because the four 1/4- in. 
Micro-Measurements electronic strain gages were arranged in a four-arm bridge. 
Calibration of the load cells was performed using an MTS testing machine 
(See section 3.2.2) with a capacity of 50 kips. A PC with data acquisition 
software was connected to the load cell. Special adapters were connected to the 
reaction columns to fi t the jaws of the testing machine. Load was introduced into 
the column and voltage measurements were recorded. An Ecal measurement was also 
taken at the beginning and end of the test. The load in the reaction column at 
any time during the dynamic test could be determined from the voltage output of 
21 Ref. 1, Section A.3.3, p. 238. 
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the strain bridge, knowing the linear relationship between load and voltage. The 
same theory used for the LVDT's and accelerometers also applies to the load cells 
(Fig. 5.5). 
6. Generation of Base Motion 
6.1 Control System 
The University of Illinois earthquake simulator is shown in Fig. 6.la. Also 
shown bolted to the simulator platform is the specimen and instrumentation tower. 
The system is capable of accelerating a 10000-lb mass (Distributed over a 2x2-ft 
area) to 3.0 g, with a center of mass 3 ft above the surface of the platform and 
an eccentricity from the centerline of I ft. The main components of the system 
are the earthquake simulator (platform and flexures), hydraulic actuator, steel 
connector and pedestal. 
The simulator platform22 was composed of a 3/8-in. steel plate, welded to 
the top flange of w5xl9's spaced on 12-in. centers. A 2x2xl/B-in. angle was 
welded to the top flange of an additional series of w5xl9's, that were in turn 
resting on 3/4-in. base plates and the laboratory floor. Bolts, 7/B-in. in 
diameter, were used to connect the angles and resulting frame of wide flanges to 
the floor of the laboratory. The bolts were spaced at 3-ft intervals in both 
directions, and were located directly below the mono-flexure connections (see 
Fig. 6 .la). This was done to make the simulator as rigid as possible when 
subjected to loadings that were not in the X-direction. Mono-flexures (shaped 
like a Z in profile), one welded to the top flange of the upper row of wide 
flanges and the other welded to the lower flange of the lower row of wide 
flanges, were used to create a pinned-pinned connection in the X-Z plane~ Two 
mono-flexures were located at the top and bottom of each 12-in. wide stiffener 
22 Ref. 12. 
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plate. A stiffener plate occupied each of the 12- in. gaps between the wide 
flanges, along the 12-ft width of the simulator. Each row of flexures was spaced 
3 ft apart in the X-direction. 
A steel connector with two necked-down regions was used as the link between 
the simulator platform and the ram (Fig. 6.la). The result of the reduced area, 
was to create essentially a pinned-pinned connection in all planes. If forces are 
generated in the simulator other than in the X-direction, the connection will 
behave such that only axial forces (X-direction) are produced in the ram . 
A steel pedestal was used to transfer the forces from the ram to the 
laboratory floor. The pedestal consisted of various plates connected by fillet 
welds. The dimensions of the plates are given in Fig. 6.la. Bolts, 1-3/4 in. in 
diameter, were used to attach the pedestal to the laboratory floor. 
An MTS hydraulic actuator (Model 205.40) with a capacity of 75 kips was used 
to produce the required ground motion. The ram can be displaced (4-in. dynamic 
and 4.S-in. static) using oil subjected to a pressure of 3000 psi. The effective 
area of the rarr. is 25.66 in2 . 
A sche~a:ic of the control system for the hydraulic actuator is shown in 
Fig. 6.1 b ,:: :he principle behind operation of the control system is very 
similar to described in section 3.2.2, except that this system has two 
closed lcc~$ :~O loops were necessary because of the rapid response of the 
actuator, ',<:;. ves are located inside the servovalve. The master valve, which 
operates bt: .. ,f'(:: 1 and 10 gpm, drives a larger slave valve, that operates at 
approx:::-. .a:t ~" £'P::. A larger valve was needed to deliver the volume of oil 
necess ar-v :. ( c:-: ','t- :he ram. An LVDT was connec ted to the moving mechanical part 
of the slaVE .... :dV€. Signals from the slave valve LVDT were then used as inp~t for 
23 Ref. 13, Section I, Introduction, pp. 1-1 to 1-3. Fig. 6.1.1b was adapted 
from Fig. 1-3, p. 1-3. 
41 
the new valve error (inner loop). An LVDT connected to the actuator measured 
displacement of the ram, which was then fed back into the controller and compared 
with the input signal (outer loop). As the program signal changed, the inner and 
outer loops corrected the ram displacement so that the actual displacement was 
the same as the requested displacement. The comparison of actual displacement to 
requested displacement was performed constantly throughout the test, because of 
the analog electronics of the system. 
A more detailed schematic of the outer loop of the control system is shown 
in Fig. 6.1c. 24 The inner loop of Fig. 6.1b is contained within the servovalve 
of Fig. 6.1c. A command signal, comprising displacement, velocity and 
acceleration, was compared with feedback information from the actuator. The 
feedback consisted of an actual displacement (measured by the LVDT) , an actual 
acceleration (measured by an accelerometer) and a computed velocity. A velocity 
computer25 calculated the velocity of the ram by integrating the analog 
acceleration signal and differentiating the analog displacement signal. A DC 
error signal was then generated by subtracting the feedback signals from the 
input signals. A composite signal was determined through a comparison of the 
three input signals. The effect of each component could be altered using the gain 
controllers on each of the circuits. Again, the process of comparing an actual 
displacement with a programmed displacement was carried out constantly due to the 
analog electronics of the system. 
Three variable control CTVC) was used in the system so that all frequencies 
in the table response were represented. The accelerometer was more sensitive to 
higher frequencies, whereas, the LVDT was more sensitive to lower frequencies. 
2~ Ref. 13, Section 1.3, Fig. 6.1c was Adapted from Fig. 1-4, p. 1-4. 
25 Ref. 13, Section 1.3.2, p. 1-6. 
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1 The reference generator, inside the MTS 469 Controller, is shown in Fig. 
6.1d. Z6 Analog integrators and differentiators were used to compute two 
variables given the third. If acceleration were used as the input signal, then 
I integration one time would yield velocity and another time would yield 
displacement, as shown in the figure. All three variables are needed for input 
1 into the control system. The input signal co~ld have also been in terms of 
velocity, displacement or direct displacement. 
'J 
I 6.2 Data Input 
• 1 
Acceleration as a function of time was used as the input signal to the MTS 
I 469 Control System. The CalTech version27 of the North-South component of El 
Centro provided the ground motion. The following procedure was used to modify the 
1 earthquake record: 
1 1. Obtained CalTech version of El Centro. 2. Scaled peak acceleration from -391.989 to -982.0 cm/sec2 . 
3. Used a time compres~ion ratio of 2. This was accomplished by assigning 
a value of 0.01 to each time step rather than 0.02. 
1 
~1 4, Integrated the record twice to check the balanced displacement. The 
trapezoidal rule was used to calculate the area. The final 
displacement was -180.17 cm. 
5. Added 26.8090 cmjsec2 to the first 0.25 sec. of the acceleration record. 
6. Integrated acceleration record twice which yielded a displacement of 
-0.7876 cm at the end of the duration of the acceleration record. 
7. Appended 54 points of -5.4418 cm/sec2 to the end of the acceleration 
record for a final adjustment. 
26 Ref. 13, Section 1.3.1, Fig. 6.1d was Adapted from Fig. 1-5, p. 1-5. 
27 Ref. 14. 
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8. Again integrated acceleration record twice which yielded a final 
displacement of 0.0301 cm. 
9. Used a high pass filter to discard the frequencies below 1.6 Hz. 
10. Scaled the {iltered record to a peak acceleration of -982.0 cm/secz. 
11. Again integrated acceleration record two times to check final 
displacement (85.0152 cm). 
12. Applied a correction of -12.4567 cm/sec2 to the first 0.25 sec. of the 
record. Final displacement was -0.0189 cm. 
13. Applied a correction of -12.4560 cm/secz to the first 0.25 sec. of the 
record which yielded a final displacement of -0.0142 cm. 
14. Peak values obtained from the last iteration were: 
Acceleration -982 cm/secz 
Velocity = 39.0838 cm/sec 
Displacement 2.7749 cm 
15. Linear interpolation between adjacent points was then used so that the 
record contained 200 points per second, which was the sampling rate used 
by the data acquisition software. 
The rnocif:ec ~~orth-South component of El Centro is shown in Fig. 6.2. This 
record was t~e~ fu:ther modified by the factors given in the last column of Table 
6.2. For t:-.e :~:st run of specimen D-Ol, each data point in the record was 
modified bv ~ fa:tor of 0.4. For the second run of specimen D-Ol the factor was 
0.8 and so 0;. 
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7.1 Data Acquisition and Conditioning 
The various components of the data acquisi tion setup are shown schematically 
in Fig. 7.1. 
I A digital program signal (200 data points per second) was sent from the VaxStation to the 468 Test Processor Interface. The North-South component of El 
1 Centro was used as the program signal with the modifications as described in 
section 6.2. A digital to analog (D/A) converter, inside of the 468 processor, 
! 
_J converted the digi tal program signal to analog. Analog signals were used to drive 
the earthquake simulator, because the analog signal was a continuous function of 
time and thus would not produce any instantaneous displacements of the ram. Th~ 
analog program signal was then sent to the 469 controller, which in turn 
controlled the hydraulic actuator of the earthquake simulator. The closed loop 
1 signal of the 469 controller was also analog, therefore, the actual displacement 
1 
of the ram could be compared continuously to the desired displacement of the ram. 
More accurate control of the ram displacement resulted because of the analog 
I circuitry of the system. 
Specimen response was then measured using analog transducers in the form of 
] accelerometers, LVDT's and load cells. A detailed description of the 
instrumentation used for the experiment is presented in sections 5.1 and 5.2. The 
transducers were activated using an -excitation voltage transmitted from the 
signal conditioners. Endevco model 4470 signal conditioners were used to provide 
the excitation voltage and balance for the LVDT' s. After each transducer \.;as 
I connected to the specimen, final adjustment (to a core displacement of ze~o) of 
the LVDT was accomplished using the balance control of the signal conditioner. 
Endevco model 4478.1A carrier amplifier cards were then used to modify the 
response (gain) of the output signals. For example, if the gain were set at 10, 
-. 
--
a 5-in. LVDT would have a maximum output of 10 volts from a core displacement of 
J 45 
5 in. If the gain were increased to 100, then a 10-volt output would occur at a 
smaller displacement, such as 1 in. A linear relationship between voltage and 
displacement would still exist, but it would occur over a smaller displacement 
range. The signal conditioner had a frequency response in DC to -3 db at 300 ±30 
Hz. 
A Vidar 11 power module wi th Vidar 611 cards was used to provide the 
excitation voltage for each of the accelerometers. Output from the signal 
condi tioner was then amplified using Dana model 3500 and Neff model 122 DC 
amplifiers. The amplifiers also provided an adjustable gain and low pass filter 
with a cutoff frequency of 100 Hz. 
The conditioned transducer output was then fed back into the 468 test 
processor. An analog to digital (A/D) converter, again located inside the 468 
processor, converted the signals from analog back into digital. Because of this 
last conversion, the motion of the specimen could be analyzed using a computer. 
The Seismic Test EXecution (STEX) software of the microvax facilitated immediate 
vieHing and analysis of the transducer output after each dynamic simulation. 
Short term storage of the collected data was accomplished using the two 180 
ME hard drives of the microvax, whereas, a TK50 magnetic tape drive (90 HB) was 
used for long term storage. Information could also be transferred to an external 
source using the FTP/TELNET connection. 
The maj or components inside the 468 Test Processor Interface are shown 
schematically in Fig. 7.2.28 A digital program signal was sent from the microvax 
to the 468 processor using a computer Q bus. The Q bus in turn is connected to 
an MTS 468.04 QDB Converter that allows other test equipment to be connected to 
the same source via a device bus. For example, if the simulator were 
multidirectional, then a 468 processor could be used for each of the additional 
28 Ref. 15, System Introduction, pp. 1-4. 
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degrees of freedom. The digital program source was then conve-rted to anal~g us ing 
a DT 3366 D/A converter. After conversion, the signal was passed through the 
signal selector, a smoothing filter and then sent to the 469 controller. The 
analog signal was composed of a stair-stepped function because the digital input 
signal was not a continuous function of time. Therefore, a smoothing filter was 
used to flatten-out the signal so that the ram would not produce any 
instantaneous displacements. 
Feedback (TVC) signals from the 469 controller were sent to the 468 
processor because the lIfeedback ll mode was engaged on the signal selector during 
dynamic simulation. The measured displacement and acceleration, as well as, the 
computed velocity, were used to compare the motion of the actuator (or input 
signal) to the motion of the simulator (or output signal). The analog feedback 
signals passed through the signal selector, an anti-aliasing filter, a sample and 
hold device and an A/D converter before going to the microvax. The anti-aliasing 
filter was used to eliminate frequencies above the Nyquist frequency. The Nyquist 
frequency is equal to the sampling frequency divided by two,29 therefore, all 
frequencies above 100 Hz would be eliminated from the analog feedback signal. 
After filtering, the signals passed through a sample and hold device. A sample 
was taken at a ~ate of 200 points per second from all 64 of the transducer 
channels and the 3 TVC channels, at the same point in real time. Therefore, no 
time shift occurred between sampling of individual transducers. The acquisition 
clock controlled the rate at which data was sampled and held, and also controlled 
the rate at which the signal, for all of the channels, was converted from analog 
to digital. The digital signal was then sent to the microvax so that a comparison 
could be made be tween the ac tual response and the des ired response of the 
simulator. 
29 Ref. 16, pp. 129-130. 
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Table 3.1.1. Grain Size Distribution Data. 
a. Coarse Grained Aggregates. 
Sieve Size Cum. Weight % 
# Retained Retained 
(grams) 
1/2 in. 0.0 0.0 
3/8 in. 10.5 1.9 
4 377.1 68.4 
8 534.9 97.1 
16 541.3 98.2 
pan 
---
551.1._ .. _~ . .-JPO.O _~_ 
Cumulative! 
% 
Passing 
100.0 
98.1 
31.6 
2.9 
1.8 
0.0 
--------- -----
b. Fine Grained Aggregates. 
Sieve Size Cum. Weight % Cumulative 
# Retained Retained % 
(grams) Passing 
4 0.0 0.0 100.0 
8 34.3 6.4 93.6 
16 97.6 18.1 81.9 
30 186.6 34.5 65.5 
I 
50 407.1 75.4 24.6 I 
100 527.9 97.7 2.3 
! 
200 538.8 99.8 0.2 
~pan .~ _~ j)_~0~ . _ L- 100.0 0.0 
-~ 

U'l 
o 
Table 3.1.2b. Polynomial Fit to Measured Concrete Compressive 
Stress-Strain Relationship. 
Best Fit 
Specimen Polynomial Coefficients Strain Offset 
a b c exO 
0-01 -0.24939 3982440 -6.2E+08 6.262E-08 
0-02 2.02498 4216970 -7.1E+08 4.8016E-07 
0-03 -0.33881 4558120 -8.2E+08 7.433E-08 
0-04 -1.24083 4226280 -6.8E+08 2.9361 E-07 
Note 1 2 
I. Equation of Polynomial: fc= u + b(ex-exO) + c(ex-exoy 
Compressive 
Strength 
(psi) 
6353 
6281 
6346 
6604 
3 
where: fc= Compressive SLress in ConcreLe. 
Modulus of 
Elasticity 
(ksi) 
3399 
3602 
3890 
3606 
4 
a, b, c= CoefficienLs of the Polynomial Curve Fil. 
ex= Slrain in the Concrele. 
0:0= SLrain Offsel. 
2. SLrain offsel was delermined by seLLing fc lo zero and solving lhe rools 
of lhe polynomial equation: fc=O=a + b(exo) + c(o:ot 
3. The maximum compressive sLress was delermined using lhe derivaLive of lhe 
polynomial given in nole I. 
4. A secanl modulus was used wilh one-half the calculaled value of compressive 
sLrenglh. 
. . 
I._h .... ~.- ---- .. - .... ~ '-..,. .......... . L.~,..I "","-" ~"'11 ~ ,~~.... \-,~ .. --~ .---J '_ _-'-_ . ....J ... ·.;r~ .. jo 
Table 3.1.2c. Chronology of Experiments. 
Specimen Oate Cast Oate Tested Age at Test 
(days) 
0-01 1 June 1990 21 July 1990 51 
0-02 22 June 1990 27 July 1990 36 
Ul 
-"-
0-03 13July1990 8 August 1990 26 
0-04 20 July 1990 22 August 1990 34 , 
()1 
t\) 
Table 3.2.2a. Measured Properties of Beam Flexural Reinforcement. 
Bar Size Number Yield Strength Ultimate Strength Mean Strain 
of (ksi) (ksi) at 
Coupons Strain Hardening 
Mean S.Oev. Mean S.Oev. 
#3 15 62.5 3.3 100.8 5.2 0.0086 
#4 15 65.4 2.4 103.8 3.5 0.0088 
--~ -~-- ---- -_._-
--
- --~ 
-----
--~ - -~ 
-- ---
Table 3.2.2b. Measured Properties of Auxilliary Reinforcement. 
Location Type Number Yield Strength Ultimate Strength 
of (ksi) (ksi) 
Coupons 
Mean S.Oev. Mean S.Oev. 
Beam #7 Wire 6 51.3 1.4 77.3 4.7 
(Stirrups) #10 Wire 5 97.1 1.4 98.8 1.3 
Wall #3 Bars 5 90.3 0.9 110.2 1 
~.-.-, .. ~~; •. ,.o.i ... .....-··w t-'".".,1\ """""~ ""~.-...... \.,' ," 1_._ 
-
Table 4.8.2. Measured Beam Cross-Sectional Dimensions. 
Upper Beam Lower Beam 
Depth (inl Width (in) Depth (in) Width (in) 
Specimen Sections North South Top Bottom North South Top Bottom 
D-01 A 7.97 7.97 4.03 4.03 8.00 8.00 4.00 4.03 
B 8.00 8.00 4.00 4.00 8.00 8.00 4.00 4.00 
0-02 A 7.97 8.00 4.00 4.00 8.03 8.03 4.00 4.00 
B 7.97 8.00 4.00 4.00 8.00 8.00 4.03 4.00 
0-03 A 7.94 7.97 4.00 4.00 8.03 8.03 4.00 4.00 
B 8.00 8.00 4.00 4.03 8.00 8.03 4.06 4.00 
0-04 A 7.94 8.00 4.00; 4.00 8.00 8.00 4.00 4.00 
B 7.97 8.00 4.00 4.00 8.03 8.03 4.00 4.00 
~ 
Note: See Figure 4.8.2. 
Table 4.8.3. Measured Concrete Cover for Beam Longitudinal Steel. 
Top and Bottom Cover Side Cover 
Upper Beam Lower Beam Upper Beam Lower Beam 
Specimen Bar Size Top Bottom Top Bottom South North South North 
# (in) (in) (in) (in) (in) (in) (in) (in) 
D-01 3 0.65 0.70 0.72 0.64 0.57 0.56 0.60 0.63 
0-02 3 0.73 0.65 0.76 0.63 0.57 0.58 0.53 0.58 
D-03 4 0.56 0.61 0.61 0.61 0.60 0.67 0.63 0.60 
D-04 4 0.60 0.57 0.56 0.62 0.63_~ 0.58 0.63 0.60 
-~~~ 
Table 4.8.4. Measured Weight of Test Setup. (Ibs.) 
Specimen 0-01 0-02 0-03 0-04 
Concrete 1070 1080 1100 1100 
Mass Plates 4070 1977 4070 1977 
Mass Plate Connections 425 425 425 425 
~ 
Spacer 396 - 396 -
I 
Spacer with Extension - 521 - 521 
Upper Arm Stiffeners 205 205 205 205 
Lateral Support 156 156 156 156 I 
Tensioning Rods 32 32 32 32 
Base Pin Connection 383 383 383 383 
E3~~lngljous~ 287 287 287 287 
I 
1 
I , 
I 
1 
I 
! 
J 
I 
~ 
i j 
.~ 
; 
. 
J 
Table 5.1. Manufactu~er's Ratings - LVDT's 
Number Manufacturer Model Serial Stroke 
Number (± in.) 
1 Collins LMA-711T 169408 5 
2 Collins LMA-711T 169404 5 
3 Collins LMA-711T 169405 5 
4 Schaevitz 3000 HR 383 3 
5 Schaevitz 3000 HR 250 3 
6 Schaevitz 2000 HR 1542 2 
7 Schaevitz 2000 HR 1639 2 
8 Schaevitz 2000 HR 1660 2 
9 Schaevitz 2000 HR 1572 2 
10 Schaevitz 500 HR 2054 0.5 
11 Schaevitz 500 HR 2048 0.5 
12 Schaevitz 500 HR 2038 0.5 
13 Schaevitz 500 HR 2047 0.5 
14 Collins LMA-711T 170268 3 
Table 5.2. Manufacturer's Ratings - Accelerometers 
Manufacturer 
Model 
Rated Range 
Sensitivity 
Linearity 
Frequency Response (5% Damp.) 
Natural Frequency 
Fraction of Critical Damping 
55 
Endevco 
2262C-25 
±25 g 
10 mV/g 
1.0 % 
0-750 Hz 
2500 Hz 
0.7 
Linearity 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
Table 6.2 Ir!put Ground Motion and Acceleration Magnitude. 
Specimen Run Number Input Peak Acce!. 
Ground Motion As a % of (g) 
0-01 Run 1 EI Centro 0.4 
Run 2 EI Centro 0.8 
Run 3 EI Centro 1.25 
0-02 Run 1 EI Centro 0.4 
Run 2 EI Centro 0.8 
Run3 EI Centro 1.25 
0-03 Run 1 EI Centro 0.4 
Run 2 EI Centro 0.8 
Run 3 EI Centro 1.25 
0-04 Run 1 EI Centro 0.4 
Run 2 EI Centro 0.8 
Run3 EI Centro 1.25 
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